GPs commonly see patients with knee problems. Magnetic resonance imaging (MRI) of the knee is an accurate diagnostic test for meniscus and ligament injuries of the knee, but there is uncertainty about the appropriate use of MRI and when it should enter the diagnostic pathway for patients with these problems.
INTRODUCTION
Each year in the UK, 15% of patients who consult GPs do so for musculoskeletal disorders. Knee problems are common: patients aged >55 years often suffer from osteoarthritis, while at younger ages injury to the menisci or ligaments -often described as 'internal derangement' -is more common. The annual consultation rate for internal derangement of the knee is 32 per 1000 patient years, similar to rheumatoid arthritis. 1 Imaging of the knee is a common musculoskeletal application of magnetic resonance imaging (MRI). 2 Despite evidence for the technical and diagnostic performance of MRI for patients with injuries to the menisci and cruciate ligaments, 3, 4 there is uncertainty about the appropriate use of MRI and when it should enter the diagnostic pathway for patients with suspected internal derangement of the knee. 5, 6 Systematic reviews have shown that MRI is sensitive and specific in detecting lesions of the cruciate ligaments and menisci. [7] [8] [9] MRI correctly classifies at least 85% of meniscal lesions and 90% of healthy menisci found at arthroscopy. 8 This has led to suggestions that access to MRI could inform GPs, improve their diagnosis and management, and ultimately improve patient health.
patients, treat them conservatively in primary care, avoid unnecessary orthopaedic referrals, reduce waiting times, and save costs; 11 positive MRI findings could confirm GPs' clinical diagnoses and decisions to refer to orthopaedic specialists, who could decide whether arthroscopy was needed without the need for a second appointment. The radiologist's report could also help to prioritise outpatient appointments. 12 In contrast, patients' health might benefit more from immediate referral by their GP to an orthopaedic specialist. 6 This would allow hospital specialists to use MRI more selectively, thereby reducing resources spent on the procedure. Imaging may also confuse the clinical picture if it detects asymptomatic abnormalities, possibly leading to unnecessary referrals and interventions. 13 As not all GPs understand MRI findings that are reported by radiologists, this could result in false reassurance and delays in appropriate treatment. 14 A survey of MRI availability reported that of 121 public-sector departments with MRI that responded, 74 (61%) provided direct access to GPs for imaging of the knee. 15 Primary care trusts will control more than 80% of the NHS budget by 2007/2008 . 16 In addition, the Department of Health has plans to reduce waiting times for diagnostic tests and to spend £2400 million on upgrading diagnostics over the next 5 years. 17 Over 1 million MRI examinations are performed in England each year, and provision is expected to rise. 18 There is a real danger that GP access to MRI will become standard policy without rigorous evaluation. However, timely access to a reliable diagnostic tool in primary care could result in better care and reduced costs.
This study evaluated direct access by GPs to MRI as a complex intervention. 19 The primary objective was to contribute to decisions by the National Institute for Health and Clinical Excellence by evaluating whether GPs' use of MRI for patients with suspected internal derangement of the knee improves their general physical or knee-related health. Recognising that improved care is the route to improved outcomes, the study also assessed whether GPs' use of MRI affects their subsequent diagnosis and management plans, as presented in an earlier article. 20 The accompanying article of cost-effectiveness analysis reports whether MRI reduces net costs to the NHS.
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METHOD
A pragmatic randomised trial was conducted in urban, mixed, and rural sites across North East Scotland, North Wales, and Yorkshire, covering a broad socioeconomic spectrum. In these geographical areas there is around 2 million people who are registered in over 600 general practices. Full details of the trial methods are presented elsewhere.
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Interventions
Direct access to MRI (experimental intervention).
The aim at each hospital was to perform imaging within 12 weeks of GP referral using standard, commerciallyavailable magnetic resonance machines and imaging protocols at the discretion of the radiologist. GPs advised patients with normal MRI findings to undergo conservative treatment including quadriceps exercises, to take up a referral to physiotherapy depending on clinical history, and to return to normal activities. GPs were advised that when radiologists reported a serious abnormality (such as a tumour) on an MRI examination, the patient should be fasttracked as usual. Whatever the MRI findings, the provisional orthopaedic appointment that had been made at the time of randomisation could be kept or cancelled at the discretion of the GP.
Educational interventions to support the dissemination of clinical guidelines can improve GPs' knowledge of MRI use. 23 As such, at the start of the trial a consultant radiologist, consultant orthopaedic surgeon, and trial coordinator delivered 2-hour educational seminars to GPs about MRI, clinical diagnosis, and conservative management. Practices were offered a £50 payment or continuing medical education points if a GP attended the seminar; attendance was not a condition for participating in the trial. The seminars were used to raise GP awareness of when MRI is useful in the imaging of the knee for meniscus and ligament injuries, and addressed the clinical assessment and management of these knee problems.
The routine attachment of educational messages to radiologists' reports has been found to avoid unnecessary referral by GPs. 24 Therefore, an educational message was attached to radiologists' reports, reminding the referring GP that the decision to proceed to orthopaedic referral or to continue with conservative treatment in primary care depended on both the MRI and clinical findings. If the orthopaedic referral was considered unnecessary, the provisional
How this fits in
Imaging of the knee is a common musculoskeletal application of magnetic resonance imaging (MRI). There is evidence that MRI of the knee is an accurate diagnostic test for menisci and ligament injuries but there is also uncertainty about the appropriate use of MRI and, in particular, when it should enter the diagnostic pathway for patients with continuing knee problems. In this study a similar number of patients attended orthopaedic appointments whether they had direct access to MRI or were referred to an orthopaedic specialist, so access to MRI did not affect GPs' decisions about the need to refer to a hospital specialist. GP access to MRI did not bring about a significant improvement in patients' physical functioning and resulted in only small, but statistically significant, benefits in patients' knee function. study. The randomisation procedure was stratified by experimental site, distance from practice to hospital, and number of partners in the practice. Within strata, a block allocation sequence was used; permuted random blocks of size 2 or 4 were randomly selected to generate the allocation sequence.
Follow-up of patients was by postal questionnaire at 6, 12, and 24 months after randomisation. This was to ensure that the evaluation covered all events including arthroscopy. An evidence-based strategy was used to maximise response rates. 25 At 6 months this included a reminder by post after 2 and 4 weeks and by telephone after 6 weeks. At 12 and 24 months, this strategy was supplemented with a 2-week prenotification letter and a direct payment of £5 that was not conditional on the questionnaire being completed.
Referral process
Data were collected from hospitals on the number of MRIs, orthopaedic appointments, and arthroscopies attended in the two groups, as well as patient waiting times from randomisation to MRI, orthopaedic consultation, and arthroscopy.
Health outcomes
Two generic measures were used: the Short Form 36-item (SF-36) 26 questionnaire, a popular health profile validated for use in the NHS to identify unexpected effects of interventions, and EQ-5D, 27 a commonly used health status index for economic evaluation. Both measures are responsive to changes in the health of patients referred for MRI of the knee. 28 In the absence of an appropriate, patient-assessed health instrument specific to the knee with satisfactory evidence for reliability, validity, and responsiveness, 29 the researchers developed their own instrument: the Knee Quality of Life 26-item Questionnaire (KQoL-26). 30 The primary outcome measures are the physical functioning scale of the SF-36 and KQoL-26. Patients were also asked to record the number of days they took off work or the number of days they were prevented from undertaking normal activities because of their knee problem.
Sample size
A similar group of patients followed up 6 months after referral for MRI of the knee had a mean of 64 and standard deviation (SD) of 25 on the physical functioning scale of the SF-36. 25 Hence, a trial that followed up 434 patients (217 direct access and 217 controls) would have 80% power using a 5% significance level to identify a standardised difference of 0.27. This is equivalent to 6.75 points on the SF-36 physical functioning scale or a similar number of points on KQoL-26 to achieve a standardised difference of 0.27 which, it was judged in either measure, should be
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orthopaedic appointment should be cancelled.
Referral to orthopaedic specialist in secondary care (the control intervention).
The aim was to ensure that the orthopaedic appointment was within a maximum of 9 months from GP referral. Orthopaedic specialists could request an MRI examination for patients in the control arm if clinically indicated.
Recruitment, randomisation, management, and follow-up
Patients were recruited from general practices between November 2002 and October 2004. In each practice, GPs or practice nurses asked those patients who were eligible (Box 1) and consented to participation to complete a baseline questionnaire before being randomised to the local radiology department for MRI or referral as usual to an orthopaedic specialist.
The GP made the subsequent referrals for orthopaedic clinic and MRI as necessary. To avoid contaminating the evaluation by differences in waiting times between the two clinical policies, GPs made a concomitant provisional referral to orthopaedics when requesting MRI of the knee. As the trial was pragmatic in design to reflect the consequences of routine GP access to MRI, blinding of patients or professionals to treatment allocation was neither desirable nor possible.
The remote telephone randomisation service at York Trials Unit ensured immediate and unbiased allocation of those patients who consented to the
Inclusion criteria
Patients were eligible if:
• their ages were between 18 and 55 years inclusive;
• their GP was considering referral to an orthopaedic specialist for suspected internal derangement of the knee (for example, meniscal or ligamentous injuries).
Exclusion criteria
Patients were not eligible if:
• their GP judged that they needed urgent orthopaedic referral at the initial consultation (for example, gross ligamentous injury or sudden onset of effusion);
• they had suspected osteoarthritis, other non-traumatic arthropathy, or isolated patello-femoral joint pain;
• they had chronic instability of the knee due to history of major injury;
• they had a previous MRI examination within the same episode of care;
• they had previous surgical intervention (excluding diagnostic arthroscopy) on the same knee;
• they had contraindications to the use of MRI; for example, pacemaker, intracranial aneurysm clips, or orbital metallic foreign body.
Box 1. Eligibility criteria.
clinically important. As it was estimated that the research could achieve 85% response rates to postal questionnaires, the aim was to recruit 500 patients.
Statistical analysis
Data were collected at four times: at baseline, after 6 and 12 months, and between 22 and 24 months. The primary analysis was 'by intention to treat', in that all patients properly randomised were included in the analysis even if they did not receive their allocated intervention. To take account of repeated measures within patients, the analysis used the PROC mixed procedure in SAS (version 9). Patient effects were fitted as random effects, and all other variables were included as fixed effects. 31 The primary outcomes
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Original Papers were the SF-36 physical functioning score and the KQoL-26 at each follow-up. The model included baseline primary outcome scores, time since baseline, and centre. The analyses of the other seven subscales of the SF-36 were conducted in the same way. The fit of the resulting models to the data was checked.
RESULTS
Patient flow and follow up
Of 647 practices approached to take part in the trial, 285 (44%) accepted the invitation. There was no significant difference in the number of GPs per practice between practices that did or did not take part (P = 0.24). However, there was a significant difference in distance: participating practices were At 6 months, 469 (85%) patients returned questionnaires; and at 12 and 24 months, 471 (85%) patients returned questionnaires. Figure 1 shows patients' progress through the trial; most received their allocated intervention. Table 1 shows the baseline characteristics of patients at randomisation. The mean (standard deviation [SD]) age of patients at randomisation was 39.7 (10.3) years and 36% were female. The mean (SD) SF-36 physical functioning score at randomisation was 54.9 (23.8). The two randomised groups had similar characteristics.
Baseline data
Referral process
In the MRI group, 230 patients (82%) had an orthopaedic consultation compared with 236 patients (86%) in the orthopaedic group, which was a difference of 3.7% (95% confidence interval [CI] = -2.4 to 9.8). In the MRI group, 230 patients (82.4%) had an orthopaedic consultation compared with 236 patients (86.1%) in the orthopaedic group, which was a difference of 3.7% (95% CI -2.4% to 9.8%). In the MRI group, 112 patients (40.1%) had an arthroscopy compared with 77 patients (28.1%) in the orthopaedic group, which was a difference of 12.0% (4.1% to 19.7%). In the MRI group, 20 of 108 (18.5%) patients had a diagnostic rather than a therapeutic arthroscopy compared with 30 of 76 (39.5%) in the orthopaedic group -a difference of 21.0% (95% CI = 7.7 to 33.8).
The median (interquartile range) waiting time from randomisation to MRI was 41 days (21-71 days) in the MRI group, and 170 days (103-312 days) in the orthopaedic group; from randomisation to orthopaedic consultation was 93 days (60-183 days) in the MRI group and 79 days (54-168 days) in the orthopaedic group; and from randomisation to arthroscopy was 337 days (219-458 days) in the MRI group and 294 days (174-468 days) in the orthopaedic group. Table 2 shows that over 24 months, patients randomised to MRI had mean SF-36 physical functioning scores that were better by 2.81 (95% CI = -0.26 to 5.89) than those directly referred to orthopaedics (not statistically significant, P = 0.072). Patients randomised to MRI also had mean KQoL-26 physical functioning scores that were better by 3.65 (1.03 to 6.28; statistically significant, P = 0.007). For these two patient outcomes, Figures 2 and 3 show changes over time for the two groups. There were no other significant differences in outcomes.
Patient outcome
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It was also found at the end of the study that, over the previous 12 months, the median number of days patients took off work or were prevented from normal activities was zero in both groups.
DISCUSSION
Summary of main findings
A similar number of patients attended orthopaedic appointments in both groups, so access to MRI did not affect GPs' decisions about the need for a referral to a hospital specialist. In contrast, orthopaedic specialists performed significantly more arthroscopies in the MRI group.
Patients randomised to MRI reported no significant improvement over time in the SF-36 physical functioning scale compared with those randomised to orthopaedic referral. Additionally, although a statistically significant improvement in the physical functioning scale of the KQoL-26 was achieved, this was not clinically significant.
Strengths and limitations of the study
A randomised trial design ensured that two similar groups of patients were compared and provided a rigorous basis for statistical inference. This design is rarely applied to the assessment of diagnostic imaging because of perceived ethical concerns about randomising patients to a non-imaging policy. 32 Previous research that assessed the effect of GP access to MRI of the knee used an observational design and did not adequately address patient outcomes and costs. 10 By recruiting over 500 patients, the present trial had power to detect small differences. The pragmatic design allowed comparison of effectiveness and costs of the two policies under routine conditions.
Patients were recruited from 163 general practices across the UK (median number of GPs per practice = four; median distance from practice to hospital = 10 km), thereby contributing to external validity. It was not feasible, however, to collect data on patients who were eligible but declined to participate. As such, those patients who were included might not be wholly representative of the population with suspected knee derangement. Although response rates were high, there was evidence of attrition bias, with fewer patients responding in the orthopaedic group than in the MRI group. Analyses showed that characteristics that might predict non-completion of questionnaires included treatment group, age, and sex.
Time constraints meant that the follow-up period was shorter by 2 months for 28 patients. In the present trial, GPs made provisional orthopaedic appointments at the time of the initial referral for MRI. This was done so that patients in the MRI group would not be disadvantaged by waiting longer for orthopaedic appointments. Furthermore, this should help to ensure that the total waiting time from GP consultation to orthopaedic appointment was similar for both trial arms, thereby avoiding contaminating the evaluation by differences in waiting times between the two clinical policies. It was found, however, that although GPs had the option to cancel the orthopaedic appointment after receiving the MRI report, they rarely did so. This is consistent with the findings from a study assessing the influence of MRI of the knee on GPs' decisions; although MRI significantly increased GPs' confidence in their decisions, it did not lead to their significantly altering their diagnoses or treatment plans compared with direct referral to an orthopaedic specialist. 20 It is likely that MRI confirmed what GPs already knew, which was the need for a referral to an orthopaedic specialist.
The findings about subsequent referral from an orthopaedic specialist for an arthroscopy reveal that 88 of 250 (35%) patients in the MRI group had a therapeutic arthroscopy, compared with 46 of 221 (21%) in the orthopaedic group. The increased therapeutic arthroscopies in the MRI group might explain the slightly improved outcomes.
Finally, UK waiting times for MRI and orthopaedic referrals have been reduced over recent years as a result of various government initiatives. If the benefit in this research is predominantly from early intervention in patients in the MRI arm of the trial, one must remember that waiting times for orthopaedic consultation have improved since the trial was performed. As such, the net gain in patient outcome from early MRI in the UK might be smaller than reported here. 
Comparison with existing literature
Two small randomised trials were published about the effectiveness of MRI in the management of patients with suspected internal derangement of the knee. One included 209 patients recruited in secondary care with negative MRI results who were randomised for arthroscopy or conservative treatment, and concluded that MRI is accurate for the diagnosis of knee injuries. 33 The other trial randomised 118 patients after referral by their GP or from the emergency department to a routine orthopaedic clinic, between MRI and arthroscopy; 34 no significant differences in health outcomes were found between groups and there were similar mean costs. The present trial strengthens the evidence from these two studies by focusing on recruitment from primary care with a substantially larger sample size.
Meaning of the study
The physical functioning scale of SF-36 comprises 10 items designed to measure limitations when performing daily activities, such as walking and climbing stairs, and scores those items between 0 and 100, where 100 is best health. The study was designed to detect a difference of 6.75 points on this scale, equivalent to a standardised difference of 0.27. GP access to MRI increased patients' scores on this scale by a net 2.81 points with a 95% CI of -0.26 to 5.89. This difference was not statistically significant (P = 0.072) and the CIs exclude the difference of 6.75 points adjudged clinically important.
The physical functioning scale of the KQoL-26 comprises 15 items designed to measure limitations when performing activities relating to the knee, such as walking, standing, kneeling, rather than general physical functioning. The KQoL-26 also scores between 0 and 100 where 100 is best health. GP access to MRI increased patients' scores on this scale by a net 3.65 points, with a 95% CI of 1.03 to 6.28. This was statistically significant (P = 0.007), but again the CIs exclude the target difference of 6.75 points. Furthermore, this difference is much lower than the 16 points judged important by patients responding to a health transition question, 35 during the development of the KQoL-26.
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Implications for future research and clinical practice
The UK Department of Health has plans to reduce waiting times for diagnostic tests and to upgrade diagnostics within the NHS. 17 This trial questions whether the small, clinical benefits from GP access to MRI are worth the cost of imaging. The accompanying article on cost-effectiveness analysis 21 therefore reports the costs and benefits in quality of life of GP access to MRI. 
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